KPA XML mM, 

(19) W Ml KOREAN INTELLECTUAL PROPERTY OFFICE 



51101X111 



KOREAN PATENT ABSTRACTS 

(11)Publication number: 1020000008815 A 

(43)Date of publication of application: 15.02.2000 

(21 Application number: 101 9980028838 
(22)Date of filing: 16.07.1998 



(51 )int. ci H01L 29/92 



(54) CAPACITOR OF SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57) Abstract: 
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BE*! Sx|°j ?H8AIEi S H Xil^^Oi! StfH 7HAIS01 2JQ. £ 1T2£ 3HSHAia°J 9^ 2= Ah 
01 CHI ^a^Oi A1S QhS El-S°l OtISjCH PFBS S FNEFgJ*} SS^OI *tW\ ^dlEIOi 

5HIHAIE1M ^HAI^Q. A1^ Lm E^3 °2°tOI ^UiSS^ 5HSHAIE-I2J #3 MS* 

SOt #71 2| EJ.O.OJ o 2 q| 0 , Qsog AFgl UH HH Al El °2 n 4 ^201 

UEH3Q. 

J£f 

E IS S aS^J «A|0UN 2|fcf BHEH §x|2J S3E0IQ. 

E 2 LHXI E 5S S IT2°I ^AlOtlOfl SJt!" B>£» 5*1 2| aiHAIH S 3 BI£^St 978 MS UEfS 

£ 62J (A)£ S! (B)E£h <C)E£ SEH S S 1T221 £ AIM Oil 5H1AIE1 
£01! [1>£F 5HSHAIE12J aS(l)-aST(V) UEftf 3EH =S0IQ. 

*E2^1 «S0fl CH*j- ^2£2 + 

40:715. 42:#2t§Se|, 

44:^^^. 46 : 731 1 ES# u8@ . 

48, 50:7dl1 S 7312 °*3^ v . 52:7312 

i» c?j iy "rf^ 
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BSM 551 2J 33AI &sa ?I5<H3 »£a ±XW §2S~ S30I *W2Q. □ 

s^esj ersa sag skjwi ^isas s^oo ^sai^ei^ araAiaa- its jib esa 

BSS1 ?|ori 5H3H AIEi=^ Oiir SE^J §3 lira 3fH 2JCHOJ: SJCK WIS 

13. B 6*315! DRAM DilEEl SSOfl SiCHAL H ^HBAiEH^ 2f Z5EIMOI flHaHIOI(fF)S£2| gSgifOI 

§7W?I7I ««+ £3£ an, a, s^gaoj DRStft 3*11 SHI 1 

«, fe^i «w a »w Awisi z.^i ma jflSB, #71 $ 2^ Ahoioti ^ sage 8 
nea, gtsa s-asj ngsj&s 9\mme\ s^sj 7Io^3 g*se s-^aisjq. maw, ^eiaihsj § 

2§iTOI »±SQ. HS^tHHl CKfS^AK3l2| Z.^01 gOWAI 7HnBA!E12J ggglfSJ g7H^ 4= 2J£ 
U 0|£ 2> e 2^ AhOISJ ^£21^ g7tB SBMNH3 £^QI KQ. 01(H) [Q-EI- ^1AIE12J SSggM § 

?b\\9\7\ n 82 #e a& ssswn as? s^ioi sown 21a. 

OIW Ci}EF7l£2j CHS32! 82*12! £EI£ tf»SKSI(OOOAI ONO(Oxide-Nitride-Oxide)^, HDHHJIU S 
tf» OIBBr»sr(TfcOi) §£3 3HHHAIE1 829*3 SfiOl §71X111 SID. QgCH, HOfl Pitt Ste'E H 
2EIH 21Q. 

H 82#t #5 AB3S 82^01 AtgEISAi 3HH9AIE1 2^M CHtt 3S£ £EI5 tf»a» 

82^£3 AtSIf OH MEI£EI5#M 2HAIE12J a^£3 AFSftfeH a OiagOl S£LK AH3S 83 
SHDi AH33A1 HOil Sfe 2^01 gaSMI Oil IMS, OI&ITSOI 82^23 AfSEIS 

§8, ElEfe U013EHDIE(TiN)OI 2^!£3 SSflrKQ, BST^OI ^2 D 4£g A^g£l~ 38. irM 
(novel metal) 01 2^*£3 8S"SO. HSOI, 01 ^ 2^ ii'il &Sffl JilSSSIU 

ai?i= ihgoui as oia§oi z\<*tm aa. ca-a-M, #ei£ej^#i hchs 2^h3 ausi-sai n 
83#^ ss^rn aus ^ a= &eioi ga^wi eissq. 

Oldltt ^fi^(KI 2J^H SEH ^Dle ^t^((WI3CH. Al,Q,)e SS^S AhgS^ 3HHH AlEi n 

XilSttl- 2iQ. gf^OIS 3^ §32! SEl^El^g AFOICHl ^EIS ^fF^ S^^h 

XI 2^2, 82^7F ^ 8.5-10.5 §£5 7I52J ^EI5 d»^OIU NO^ SQ SCh E*h ^Ole 
2 h avo, 2 E n!31lue(ccnduction fnechanistn)^ uFldl inE (Fowler Nordhein, 0!§K FNOISW) 

EiyncHi g»2i sE^f oi^chai^ ^qai aa. 

01^ f§2H 71 SOU 2]^ 5HIBAIE1 Wl^^BWI S^lgOl 2iQ. 

HMEM S»2| 2.hga gxj-^ o,- 8 a^|^ Hm ^ 0L ^ gSgiTS 25fFOI^}OI EICHOt ttQ. E 
tt, V^S^^ g^2^t)i]A1 ^ IfAOIo^h ElOfOtttCh OI-gEi, §A|^ §^ ^E^l §X|2J Sj-g^J 
^ItH g!S 101115 SffllCH(pA)^ El^ 2^" ^, "EilOIH 3^(Breakdavn voltage)OI 
3VOI6HDI EICHOI: *ja. FN&S2J SEM 8S^S Hl§ ^SS 

MeilOIH 22m 3V0I^£S ^I^H «ts« SiCK CKFAI. At£^ ^1uH 

[Q-EFAi , S I?SOI OI^HAF 71^^ 7I#0I ^ ^Xfigg oH^^I ?ltt 

S # 82^1 ^501 THol-Ei^ gWISKQ 0HE1 SSSira &±E 2i>ll oH2 MEilOIH D 

s ^soi oi^n^fe cm zmz m\ shssaiei w^^se flis^aii sia. 

fe^l 7l#Sj g-SS^I £im01, B SI XII2 E2e SH@ AFOIOil 82^01 ^HIEIOj = 
&ESI S»2| ?|EHA|EiOil aCHAJ, 

^71 82^S AIS E>S3 82^|MS QFS 82^21 2ie ^H^S ufe ^Ex-il 9\ 
EH AIE1M WISttQ. 

017IA1, &^l QhS 82^11- ^71 a 2 E2# nn@ AHDIOfl S2SI QFS 82^01 Q ^HIEIOi 2iCK 

4^1 QS 82^ ^71 7311 E2# SMHI «1 82^ ^71 ai 82*! 6MHI SSS SI2 82^ 

^71 mi 82^ 5! 7cf]2 82^IS PF(Pool Franke!) EhS S FN EFS 82^0IQ. 0171 Aj, ^71 PF 
Ehgj ai 82 Si 02, Si3N4 S SiON£S 0I^CH2 2 E ^^ 01^ 54^fe SiN7flg°J 8 

asfoich 

□Em ^71 FNEI-S SI 2 82^ v = AI203, AlN, Ti02, Zr02, Hf02, Ta205, PbO, Nb205, PbTi03, PZT, BST, 
SrTi03, Ce02, Y203, Mrf) S SrOS 01^012 01 thUOICK 

^7i an a *ii: E2# nees ^ MEi^Ei^#(poiy-si), eiefb uoiMswiES(TiN), §^ e j uoi 

MEK)IE#(C;N), Ej-g-s UOIMEWIE§(TaN), u -^sS(Pt), OlEIg df^#(lr02), ^Eils 
^5^#(Ru02). SrRu03e , CaRu03#, ^OIsg(Ai), eEIMDfle#(Mo), ^EI#(Cu) a g#(Ag)2^ 
0I^CH2 2^3 01 hr mUQIQ. 
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' \ ' ^2CC0-0C0£315 

#71 cm 7ia^ 2mm ir#m7i s ssos §*i2i 9\wme\ 7312^2 s Qgn- 

a= g.^oi] cKi- 2ts*ia. 

(a) #ob #zj* ggsj-s ^stnih (b) #71 sei- issfoii #71 7\&m s§!§§ ^#t> 

O. (c) #7| mZ* #0{] #71 #oij #71 7I5IU- S^EI~ 73} 1 E2S IHSm SSttQ. 

(d) #7! *]! ESS ffl@S| 23011 HI £2*t^ ««eQ. (e) #71 7311 £2*J #0(1 #71 7311 £2*J 
3f £23 £101 QO 73]2 £3*m SS**a. (f) #71 7312 £2*tfll ^#£! lUrgg CHy (anneal)*]- 

q. (9) #71 m £2*1- #011 73i2 E2# ne@s ss*!-q. 

01 araODAI #71 (d) #71 (e)g§2j £MM A1£ dfflAI 3AI38E ^&SrQ. 5. #7! 7311 S3 

E*h #7! £S*{- #011 #§01 A1£ Qg 7313 a 731 42J £2*m □ S#oBE ^ItfrO. 

#71 7311 £2*, v £ PFEffi £2*f£S tl#Sr= 2101 HBPWjI, #71 7312 SS^S FNEI-S ^3^25 
^#o^ 201 BUT*! o Eh #71 7311 £2*t£ a** 7l#§*r(Cheniical Vapor Deposition, Oloh CVDEf 
t»&*!£3 SSSKH, #71 731 2 £2*J"£ 3WS 3S(Atomic Layer Deposition, 0|SK ALDEF t»«^ 
£^ «#Sr= 201 H^^Q. 

#71 X1132J £2*IS #71 7311 £2*^ S3 D 425 *j#sm, #71 X1142J °2^§ #71 Xfl2 £ 

**#Sfe 201 tttBSWD. • 

#71 Oiy^ tf±(02)g9|7ISHHlAl tfAISHlr. EHh #71 Oiyg N20, 02, 03, H20, H202 S 01101 5 
ttS 7r±S 01^013 S3S 2^!*i Oii^ SHJS ««SrS 201 Hh^oKIK 

e arsoo 21^ tuihaiei a 3 7312^*01)2 #, 0^ 2^ Ahoioti £23 #§01 ai^ qs, on a eh pt 

ErS SI FNErSSJ £2*M £a>3£S SJStHIr. #7| ^ ErS2| £2*f£ AlSOil CHoB #M^ 

5fH 2!Q. CKfAl SS^ SillS g tfflS #71 SS^s VSSS ^#01 ^^ShSAi ^0| SfI3 3a 

3AI HaiOIB 2SOI 3VQi#£S ^OhAl^ QEi-aa. 

01§K a ggoj ^ A| Oil Oil 5HIHA|Ei S 3 731^S# #AU 

HEiU S a-goj ^ ■Jfq!e= Q1 Ei 7F1 QE SEH^ 4= X£Ot, S ^S^l ^^17^ O^HOilAi ## 

^AlWHOil StSfl^ 2££ 5H^£IO|7aA|^ SfSCK = gg2] £A|01I^ SgTjJOilAl g3^2! Al^ 

1 7h2 AKHlTfl a fiQ SI'S o Ml ^ So r71 ?I^HAi XHSEICHAI^ 201 D. SSOflAI #01 Lh S^l 
^JJilS SA1IA12J gST#g ^9 UrSEICHS 201Q. £S#0flA| R^M Al§*j- 

q. itr, ois #oi am # is 7ie^ m #^-oii siqemi 7ixhs g^, #71 CHE SOI #71 oe 

m 71521 #^W1 3}g gX{j^ ^E 2iH 3 AfOICHI Wl 32J #01 7HXHE1CH 1 ^5. SQ. 

g^S £31 I, E 1c 5 ^32) ^AIDIICHl 2j^ &£xfl §-x|2| 7HAIE12J E^EOICh 

E 2 LHAI 5 5^a ^"S2J g AIM Oil 2J*f S^£*0 5*1 2| SfflAIEI SI 3 731i^M BTIISS UErB 
E2M0IQ. 

S 62J (A)S 9! (B)E^ (C)E^ SEH 71 -0 9 B ^S2J « AIM 01 2I«f ^Ei-fl 3»2| 711AIE1 
^Oil [CfE»-a#a 71EHAIE12J S^(I)-S^(V) UErtf 3EHHE0IQI-. 

£ ie ST^FS, S irgOil SJ§> 71 IH Al Ei ^ 715(40) #0il #^§3^(42)01 ^HlflCH 2iQ. #71 #2t 
§S^(42)0il #71 71 40)21 7«S0| k^EIS 5^^(44)01 ^#E|D1 SICK #71 #^2^(42) #0{j 
#71 ^ E -^^(44)M #^HAi #71 7l5(40)Hh g^El- 7311 E2# SHE! (46)01 ^HIEIOl 2iQ. #71 XI1 1 £ 
2# 5H&(46)g ME1 ^EIE#01 ^t+ol-LK 0 1 21 Oil £ EIEI-h LHDIMEKDlE#(TiN), l^EJ UOIM&OIE 
#(WN), UO|j=£roiE#(TaN), u -iJS#(Pt), OIEIS i+tr^#(lr02). ^Eils >+Sr^S(Ru02), 

SrRu03#, CaRu03#, ^DIh#(AI), MEIHC1l&e(to), ^EIS(Cu) S §§(Ag)2£ Ol^Oj^l 2 

#7i SZ^2*K42) #011 #71 ni ES# EH9(46)2| S~ 7311 S35|(48)0I §#E10i 2i3, # 

71 7311 82SV(48) #011 7312 S3^(50)0l S#EICH 2iQ. 3EI3, #71 «|2 £3*1(50) #0ii 7312 £S# 

ins (52)01 ^#eioi aa. 

#71 7311 ^3^(48) S 7312 £2^(50)^ PT EfS S FN EFS S3 ^2! 201 Hr^ohQ. #71 PF 
XIII °S°^ Si 02, S13N4 S SiON^^ OI^CHS 2S CH^ o"HJ-lt 5t,^r= SiN7)|g2| ° 

SSfOIQ. 3EI3 #71 FNE1-S X112 SSSfS AI203, A IN, Ti02, Zr02, Hf 02, Ta205, PbO, Nb205, PbTi03, 
PZT, BST, SrTi03, Ce02, Y203, MgO S SrOS Ol^OiS 5£ ^^?^! CHiz SHJOID. 

#71 7312 Si §(52)2 sEl ^EI5# (poly-Si), EIEI-h LK3IMEF01E#(TiN), l^fS UOIMEFOIE 

e(WN), §iT# U0I^EF0IE#(TaN), ^^#(Pt), 0IEI§ ^2rS|#(lr02), ^Ell^ ^5r^#(Ru02), 
SrRu03#, CaRuK#, ^0ls#(Al), MEIML1ls#(Mo), ^EI#(Cu) S 2#(Ag)^^ Ol^CHS SB d 
S?S 01^ oH-KDIQ. #71 7311 S 7312 ESS MS (46, 52)^ ^ § r ^S^ S #^S^0IQ. ESOii E 

mm= aaxisr, #71 an s xb2 Est- me (46, 52) ahdioii #71 w a 7312 °a°»-(48, 50)21011 

7313 a 73] 42J SS°M3I Q ^blElCH ^ °iEK ^, #71 7312 £2*1(50) #011 7313 a 73)4 ° 2*101 
£xm2.£ ^#EICH ?±m ^ 2iQ. OlUfl, #71 7313 £2*12 a^, PFEf o, 0730^^ fll4 oj,^ 

2 #71 FNEfS S2*tOO. 

OI2f ^01, B #^ a 2^ Ami Oil £2*1 ^#01 A1^ QS ^?#£j £2 

^01 ^#^1 71EHAIE1S 7315*0. #7 1 #^ a or^2^ AWIOil QS £2*IO^ At 5* #fiSj2J 
5^1 Oil 2iQ. CQErAi, £2*1 § (IB, £2*I2J OtJ^jCH ^^2^ ^#01U "M0I3 Qg 2 
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sr §2 loi JHdSD. 

CrgOilS OI2f ^S rllHAIEm WZo^ QQu £2*JU. 

£ 21* gSSrS, 7I5K40) 2MH) S^gS^ v (42)m *J2ttCr. A 1-3 £|2f S§££ 271 §a 13^(42) 
Oil 271 7I5(40)2J ±§S^Oi ir^EI£ 5^(44)g S22K1I-. 

E 35 ^5M3, 271 §^ §3^(42) 20fl 291 ^§(44)1* .tH^=- Jilt E2s(0IEAI)B ^2tKh 
271 m \ E2S 2 M Ji] S"U^(DIEAI)§ E5*J- US, MEiyahOI 291 ^§(44)# S2HS 3 1E1]2J 
^§S^2j M\ E2BS 3^ iIH@(OIEAI)# <S2tiO. 271 g^Sf IHgje ^ Or±3S Aj-g 
uKDI 271 7311 E2S3 ir^S 9£S 0I^2*!^U. 271 Ol^^^s &j\ -bpy s^ej-m^qi 
U OH JJrA] SA1ZTU. OICHAi, 271 g-S^I EB§!# 73I71orS, #71 ^^(44)M SoB 291 % SB|S(44) 
Mai °1 £71 3^(42) 20il M\ E2# 21 g (46)01 ^2SU. £71 m E2# lg(46)S SEI £! 
EI5#(poly-Si)£S S«3r£ 501 blU^SH-h ElErs LrOIMEK3IE#(TiN), 
UOIMETOIESfllM). UOIEEKNEa(TaN), wj3S(Pt), OIE|§ >+»s«(lr02), ^Eii^ 

#ir2f#(RuQ2), SrRu03#, CaRu03#, i^OlHg(Al), MEIHM§#(Mo), ^E1#(Cu) H S#(Ag)2£ 
Ol?0i2 2S<g Ofc SHJ-S S2£tflr. 

E 41 S2$r3, 271 #2!" §3^1(42) £Ofl 271 7311 E2# SHS(46)2J 23# 7311 32^(48)1 
*SCD. 01 Oil S'AL 271 II ESS nS(46)2| £3D{1 ^2S! XrS tftR«native oxide)! 73171*!- 
Q. 271 S1 1 SSSf(48)S py BSSS^S 201 UHT^D. (HIM 13, SICTgSJ 

^2uh= 501 HUTSimU. CD-El- A1 , 291 7311 £2^(48)S SiQ2, Si 3m g SiON£^ Ol^OiS 5§ 
2 E 4S CHbi SI-US ^21? ^E 2JU. 271 7311 S2^(48)S 712 S*f(Cheancal Vapor 

Deposit ion)SM£5 ^2Sr£|, 10ASE2J *2£fU. 

*]^oHA1, 271 7311 S2^(48) 20il 271 fill S 2 ^(48) HI- ^201 201^ M2 S2^(50)g S 

2SJU. 271 M2 S2*K50)S FNEI-S S2S>, WaCH A 1 203^2 S ^2*JO. 2-71 7312 Sa^(50)S 2 
71 AI203SJ" 21011 AIN. Ti02, Zr02, Hf02, Ta205, PbO, Nb205, PbTi03, PZT, BST, SrTi03, Ce02, Y203, 
MgO a SrOS OI^CHS fl^S CH!n SH-SE ^ E SiLK 271 *02 SS5|(50)S S»# 5j 

# (Atomic Layer Deposit ion)^£S §2t^D. 

PFErSEJ SS^Sj 2IE SOI^ MIS ^2r!' S7I^HS DH ° §^§^2Q. [O-EfAi . 

MQ US 371^1 551 ^loH 271 X1I2 £2^(50)01 §2FM# CHy^D. 271 CHyS ^g?l 

7ICHIA1 '^AI^Q. 27| CH^S i.^ 21 Oil N33, 03, H20, H202 °» 0I§£| Stf7^S 01^012 £1^13 
CH^ *|U2| g^i7l3r0i]Ai flAIW ^E 2!U. 

^l^oHAi, E 5011 EAIf HKr 301, 271 32 S25|(50) 20il fl|2 E2#(52)g ^2^Q. 271 7312 E 
2#(52)S 2^£R££A1 MEI ^EIE#(POly-Si)^S ^23r^ 201 blr^uhLK ElEFs UOIMEFOIE 
#(TiN), g^Eii UOIMErOIE#(l'JN), LH3I MEHDI E#(TaN) , ^g#(Pt), OlEIg i.^°^(lr02), 

i*5^#(RU02). SrRu03§, CaRu03# , ^OI&S(Al), gEI SQI&S(Mo), ^?Ele(Cu) S 
S#(Ag)£S 01^012 a^S Oi!z mUS ^E 2iU. 

Cr^Oll^ B tfAIMOl CQ-Er ^lAIEI^ ZllW ^So|-7| ^loH ^Al^ 6!«0IB gg*Cr. 

S!W, 2 w £aft iug(46)2J i3£S^E1 »3tfSr5fM flWIBD. OICHAI , 271 »|1 

E2# IHS(46) 2-011 SiN^I^SJ °25|2S 7311 ^2^(48)1 CVD^M OIS^CW 10ASE2J =JJ||S S 
2e r 2U. OICHAI, 271 M 1 S29|(48) 20fl FhErS £2^§2J §rU3 Al203^S ALD^M OlSmCH 
50A§E°J =15 agei-2Q. 01^, 271 12rM# i.^S^I7l§HHiAI 800*c^ 30^ §3 CHy^QK 
271 Oty^, 271 7312 S2^(50) 201) 2^2 ^SAI 271 7312 E2#(52)§ S2orSCI-. 

oiEi^ s ^suf diinsr s ^ah ch2s uesr aoi sssrau. 

271 7311 E2# 19(46) 20il PFEFS S2^, OtlSCH SiN°^ 53A§E2J =IIflg S2orS 
Q. HEIH 3 !HfM# 830XOUAI 30S§3 ^SWIOflAI CHy^rSQ- 

S 93 21- HIIH^ = giflH CH2-S 271 7311 E2S fflg(46) 2011 FNErS SS^S A 1 203^13© 65ASE 
21 S2§r2Q. 

E m §5^3, (A)E^ 271 £ SSH CH20U CHti" ^2 ZLEH^EOIH, (B)E= 2^71 51 21 

SH CH20A CHZi" 2H-22T ^2 3EH=E0ID1, (C)E^ H g"S2| ^^011011 A|Ei«4 2^-22" 

^2 HEH^EOIQ. 

E 62J (A)E LHAI (C)E1 gi§r3, 271 B 9S°| ^^2^ 7H Al SSr(Vl)Q| S ^ ffiH S ? 2?SH CH 
22J 2^ ;HAI2^(V1)MClh 2.E xl^73 2i^g ST ^ 2iD. 0|~ ^§xl 0123 ^§2^ 

7h 7HAI£|^ SSOI B ^SOilAI Q ^S 2# LhErtfQ. 

Etf 2^^0| IOpA/^ 012-01 tie MEDOIH DSOI ^OiLr^ 2g, h (V2)S 271 S CH20I 7r§ 
H, 3 QSOI B efgOIDI, 271 ? 3Jffl CH20I 7fS ^Q, ^733". B 92 2J 3°, ^^2^ 7H Al 2 
°m MEII0I3 QrS 7HAI 22TAF0|2| Zf?0| 271 = S!HH CH^Oil HI^H 2&§l ^3 MM 9 ^ COEI- 
Ai, BJEM S v x|7f 3§£ITfl 4^ 

Si-3. 271 $ 2 SH CH2(E B §2)S HEflOIB US 7HAI 2^ h S OH^ ^0K1 ^Ez-il g-x|2J 3§S § 

^s asau. b bsoo u\n ^^2^ ;hai 2^01 oh^ ^u. e^, 271 ^ am ch2(e as^js 

V^2^ Al 2^01 B 9S0il KdloH DH° ^TIl, MaiOIH US 7H Al 22JE ^TU. 

012^ 301, 7intiAIE12J ^2°|o^ PFEFS ^2^1h FNEI-3 SS^S ^2£l^ OIS S2^ v e Ah^fe 
1?. V£2£ ^2 S MaiOIH Ll-S ^2 S^0i]A1 ° c 2T2j- lHJ-# 

oiae* m2\~ um^ z w\ r^\q\ au. 
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s ^2 


§! 233 CH2 


^ a an ch2 




(Al203/SiM) 




(AI203) 


capacitance 


8.85 


7.19 


9.98 


(fF/Mta') 








tan 6 


0.002 


0.001 


0.002 


Cm i n/Cmax 


99.7 


99.5 


99.6 


voltage 
IQthA/arf 


1.8V 


2.1V 


1.75V 


8V ltnA/arf 


4V 


4.7V 


2.5V 



5 11 S2ms, ^MAIS^ 2tS a U30| 8.85fFSAi 271 S 2flH 3! ^ CH#2J ?|HBAI@^ 
AhOIOil SID. anBA|§± a^Sraf SCHStSJ U|(Cmir^Cmax)£ 5 IfSOl 99.7SAI 271 ? CH20tl Hl*6 
«a. 01 S S BT3 2j ?iSBA|E17l- #71 ? CH22J 2SQ &! SI SOI 21M 2JO|*JO. MM 5 ^£ 

2H THAI 3 SID I S B3WAI = 1 .8v2J 2>7| *» g|B| a = SHH CH20ilA1 = 2.1V a J. 75V 

SAI 271 ^ CH22J SZK SEOIQ. "aiOIH THAI SSS a ITS 01 4VSS2JQ1 B.ttB 2 

7i a esffl 9 5 chs-s zra 4.7v a 2.5voia. 

^neAis^i *£w name, s mrs mi ai thaiskq 2! s§ FNasur pfefs S2^m tnn a^i- 

= 201 2"7I *t E^EJ °2 a 4i AFgm-CU dl*9 §«1 UEI^fi ST * 21Q. 

BffiXD 5*1 2| 3HEH R^or= MSCH, ^£21* a McllOIH M S2T E«A|?IS 

27I*J ^SOflAi S§ ABTOI 7*11 3££ 7IXHEICH 212LK HIS SfS^I g^M tt8*N= 2QI37I M 

ck unra*t a aim 21 naisai n^EioiomD. mil ich b ssoi ^3r£ 7ia bomai g#si xi 

*!§ 7h2 AhEf2 2-71*]" XI1 1 a «I2 S39»J SS£A1U 27! 2| S2*m ff^SKfl 
s £A|H 4 2»§0I S^oFQ. EOSM S «>«o, ^o,^ ^g^, £,ijo{|OiJ S*HM 1 aoi 

oHja mm 3?b?im ?ma 7is*i a}#h 21a swHiisiomo. 

s US2J ^HHAlEi^ 2^ AhOI CHI 2SSOI 2!£ AiS EfSEJ gg°f ( WISCH PFEhS 9! 

FNE1-S2J °3°42g ^igsj a-g SS^OI 7HISLICH 2iQ. [QEUi , 2^1^21 SS^S SS S^Sl 2 
71'^ ^^1 SCfl ^1 21 E^2J SSSKII AhSl tin fiQ ^SHAIEiEJ i^OI TH^SICM 

55HKH AIE-I^I- ^^2^ a «ai013 525 WAj 7h§ S SS§lfm 



g^tr i. xfli a n2 E3# sh§ ahdim sasrai ?hiqoi 2i= a.^ai §xi2j ^hhaieioii xchai, 

^1 A1S ChB E^2J S2^MS 75^! OS S2^2! 19^^ sfc Si-EXfl gfl^J 9\ 
OAIE1. 

§^ 2. XII 1 «KH aoiAl, ^71 as S3 ^31- fe^l X1I2 S2# IBS AHDIM X1I2°1 ChS SS^OI 

D 7HIEICH 1925 5^ g.^|oj ^EBAlEi . 

3. SI 1 tWil SiCHAi, £91 DS 271 J311 £2# 2WI ^2£! 731 1 SS^a- 271 XiJ 1 

S2Sv 20)1 7312 SS^e! 21 §3££ ofe ^£SI SxI2J 3H1AIE1. 

i^tJ 4. Xil 3 ti-Oll SiCHAi, 2"7I 7311 a 7312 °2°IS ^ PF(Pool Frankel) S 

FN( Fowler Nordheim) EFS SS^ 2M ^SES ofe §*|2J 3HIHAIE1, 

5. 731 3 t^Oil SiOlAi, 271 7311 Si 02, Si3N4 a SiON^S OI^OIS 3S fl^S CH 

ttum stmhs siNTti^sj S2^2i ^-i ^ssm »s3a thhaiei. 

§^6. 731 3 %m SiCHAJ, 271 7312 S2^S AI203, AlN, Ti02, Zr02, Hf02, Ta205, PbO, Nb205, 
PbTi03, PZT. BST, SrTi03, Ce02, Y203, MgO a SrOS 01^012 5S Oiiz uhUS! 2tM §9^^ 

or^ B^Effl 5X|2| 5HSHAIE1. 

7. XII 1 %W\ 2iCHA1, 271 7311 a 7312 S2# IH@S ^ lEI^BIS#(POly-Si ), ElEhs U 
OIMEFOIE#(TiN), I^IS LHDIMEH3IE#(ttN), UOIMEHDIES(TaN), H ^S#(Pt), OIEIS 

^(Ir02), ^EilS 2"5^S(Ru02), SrRu03#, CaRu03e, iT^OIs#(AI). ea^DIS#(Mo), 
7EI#(Cu) a g#(Ag)SS 0!^CH2 5S 2^l& CHh: uhQ2] 2M i§2^ ul-^ oHExil S"X|2| 3H HH 
AIE1. 

§7tT 8. (a) ?\B 2011 ^2ofe 

(b) 271 eZi" SS^Oi] 271 71 k^£l~ S2S^ E^I; 

(c) 271 SZ! §2°! 2011 271 5 E -^^e SoO 271 71511- S^E1= 7311 E2# HHS# S2oh= E^l; 
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(d) &7\ 31 E2# HHS^ SSOfl 31 EPO; 

(e) £71 31 SSSf SOfl #71 S11 SHSHtt 2§0i QM 32 SS^g ««8F£ 970; 

(f) £71 32 S3^0I SSS 13fSl 0|y (anneal £fe EOT; S 

(9) £71 32 Saei- gOfl 32 HBgl S3ol~ EWig SEiSI— 2LB ^325 BKEJBI 3M 

2| 5HHBAIE1 32g>*g. 

S^tT 9. 3 8 tm SICHAi, £71 (d) §§a £7! (e)S§2| £Alfi A|S HfflM gAISfe 211 
25 5fe BffiSI 3x|2] =HHHAIEi SI2SH. 

S^*J 10. 3 8 *W SICHAi, £71 32 SS^i £0{) ogw ^goj AiS q§ 33 pj 342J °S5f| 
□ tJSSfe 211 ^325 Sfe BffiXfl 3*13 ^HHAIEI »2»H. 

S^tf 11. 3 8 4HHI 2»0U1, £71 31 SS^S PFB-B SS^S SSoHZ, £71 32 SS^g FN 
EFS t*£sl^ 211 ^325 ^ §»2| ^HBAia 32g» K g. 

12. 3 8 2JCHA1, £71 31 SS^IS iW 7I£S^(CV0)^25 ^g^n n 2 © 
SSfS £J73-# 3#(Atoraic Layer Deposit ion)»*!2S 211 ^325 $\£ B*£SI §x|21 HB 
AlEi BI2SB. 

13. 3 8 tJOfl 2JCHA1, £71 CHy^ N20, 02, 03, H20, H202 5! 01 -101 7h^5 OI^CHS 
fi E -*!S CHiz »U2| M9I7IAHMAI S£Sfe 211 H325 Sfe 3MIHAIEi 32^ 



14. 3 11 SMI SiCHAi, £71 PFEhg 31 Si 02, SI3N4 S SiON2sL OI^CHS 2 

E -*!£! Oih: SHJ1 Sttffe SiNTUgSJ °2^2! 21s ^325 3*= BJSSI S*|2J 9\M AlEi H5^g. 

S^tJ 15. 3 11 4MHI SiOiAi, £71 FNEFgJ 32 SS^S AI203, AlN, Ti02, Zr02, Hf02, Ta205, PbO, 
Nb205, PbTiQ3, PZT, BST, SrTi03, Ce02, V203, MgO 5! Sr05 0|=CH2 S^S CH^ 211 m 

325 ufe efESl SM9 9\MMEi JB2SB. 
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